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ORIGINAL ARTICLE

Prevalence of overweight and obesity among
Iranian preschoolers: Interrelationship
with physical fitness
Hamid Agha-Alinejad1, Babak Farzad2, Mansoureh Salari3, Somaieh Kamjoo3, Bonnie Lee Harbaugh4, Maghsoud Peeri3
1
Department of Physical Education and Sports Sciences, Faculty of Humanities, Tarbiat Modares University, 2Department of Exercise
Physiology, Faculty of Physical Education and Sports Science, Kharazmi University, 3Department of Exercise Physiology, Faculty of Physical
Education and Sports Science, Islamic Azad University, Central Tehran Branch, Tehran, Iran, 4Department of Systems Leadership and Health
Outcomes, College of Nursing, University of Southern Mississippi, Hattiesburg, USA

Background: The preschool years are a crucial time to study the determinants of childhood obesity, as it is when eating and
physical activity habits are becoming established. The purpose of this study was to compare the prevalence of overweight and
obesity among preschoolers living in the capital of Iran and to determine relationships between overweight and obesity and
selected motor- and health-related ﬁtness parameters. Materials and Methods: This exploratory cross-sectional study was
conducted with 190 boys and 191 girls aged 5−6 years. Study children were selected from the kindergartens in Tehran, the capital
of Iran. All children underwent anthropometric, motor- and health-related ﬁtness tests. Height, body mass, body mass index
(BMI), waist circumference (WC), waist-to-hip ratio (WHR), waist-to-height ratio (WHtR) and percentage of body fat (PBF)
were measured for anthropometric assessments. Sit-and-reach, modiﬁed sit-ups, modiﬁed pull-ups, the 4 × 9 m shuttle run, the
20 m sprint test and the 20 m multistage shuttle run test were measured for motor- and health-related ﬁtness tests. Overweight
and obesity prevalence was determined by the International Obesity Task Force, Centers for Disease Control and Prevention and
World Health Organization standard criteria. Results: International Obesity Task Force criteria indicate almost 12% (23/190) of
boys and 22.5% (43/191) of girls were overweight or obese with 4.73% (9/190) of boys and 10.99% (21/191) of girls in the obese
category. Signiﬁcant correlations were found between modiﬁed pull-ups test and body mass, BMI, WC, WHR, WHtR, PBF in
boys and modiﬁed pull-ups and modiﬁed sit-ups tests were signiﬁcantly correlated with body mass, BMI, WC, WHR, WHtR,
and PBF in girls. Compared to their counterparts, overweight and obese boys demonstrated inferior performance in modiﬁed
pull-ups and predicted VO2max and overweight and obese girls demonstrated inferior performance in modiﬁed pull-ups, modiﬁed
sit-ups, 4 × 9 m agility shuttle run and predicted VO2max Conclusion: This study highlighted the relatively high prevalence of
overweight and obesity in both genders of preschoolers and found that overweight and obesity were associated with poor ﬁtness
performances. The ﬁndings provided evidence to support the establishment of tailored physical ﬁtness intervention programs to
manage and prevent obesity in preschoolers.
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INTRODUCTION
The prevalence of childhood obesity has increased
substantially in developed and developing countries
during the last few decades, and it is probable that
this trend will continue.[1] As with adults, obesity in
childhood causes hypertension, dyslipidemia, chronic
inflammation, increased blood clotting tendency,
endothelial dysfunction, and hyperinsulinemia. [2,3]
The preschool years have been identified as a crucial
time to study the determinants of childhood obesity.[4]
Not only is it a time when eating and physical activity
habits are becoming established,[5] it is also a time period
immediately preceding the upswing in body mass index
(BMI) known as adiposity rebound.[6] Thus, this has

become a major concern among health professionals
because child obesity tracks into adulthood[7] and is a
strong precursor of an increased all-cause morbidity
and mortality in adult life.[8] The International Obesity
Task Force (IOTF) has accepted BMI as a consistent,
pragmatic (i.e., reasonable although imperfect) index
of adiposity in children[9] and has published cut-oﬀ
points to define overweight and obesity in children
and adolescents based on adult BMI ranges.[10] On the
other hand, improving physical fitness is a public health
priority in developed and developing countries to curb
the substantial and growing prevalence of lifestylerelated diseases. Since physical activity is an important
factor related to weight control, there is renewed interest
in the relationship between physical activity and the
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body composition of children and adolescents, as well as
in the importance of physical activity in maintaining good
health and well-being.[4,11,12] While the increasing prevalence
of obesity has been reported in all regions of the world,
there is a scarce data among Iranian preschoolers. Gaeini
et al. studied the prevalence of overweight and obesity in
5-6 years old preschool children using Centers for Disease
Control and Prevention (CDC) criteria. They reported that
9.09% of boys, and 9.72% of girls were overweight; 5.26%
of boys, and 4.32% of girls were obese.[13]
Iran is an urbanized city-state country in the Middle East
Region and is considered to be a country in the nutrition
transition. Like most countries that have undergone
rapid economic and the demographical transition,
noncommunicable diseases, especially cardiovascular
disease, are the major causes of mortality and morbidity in
Iran with high prevalence reported.[14] Therefore, the present
study was designed to:
1. Provide baseline data on the prevalence of overweight
and obesity, using anthropometric measurements in the
capital of Iran;
2. Compare the prevalence of overweight and obesity
among preschool-age children using the World Health
Organization (WHO), IOTF and CDC standard criteria
and to explore the diﬀerences in estimates using the
three standard criteria;
3. And determine the relationships between selected
motor- and health-related fitness parameters and
anthropometric indicators in the study population.

MATERIALS AND METHODS
Participants
This exploratory cross-sectional study was conducted in
2011 on 381 children aged 5-6 years (190 boys, and 191 girls).
The sample size was calculated by Cochran formula
based on the study population. n = sample
size, N = volume of the statistical population which was
equal to 1 million children aged 5-6 years, d = acceptable
margin of error which was equal to 0.06, z = value of
z for 95% confidence interval, which was = 1.96, (p) (q)
are the estimate of variance. Using a multistage cluster
random sampling method, 20 kindergartens, as clusters
were selected systematically from five geographic regions
of Tehran (east, west, north, south, and center). In each
cluster (kindergartens), 18-20 children (boys and girls)
were selected. The subjects were invited to the appointed
health screen center (Tarbiat Modars University) to undergo
anthropometric assessments and physical fitness tests.
All the parents gave informed consent for their children’s
participation in the study, whose protocol was approved
by the Ethics Commi ee of the School of Medical Sciences
335

of Tarbiat Modares University and was in accordance with
the declaration of Helsinki.
Anthropometric measures
Data collectors a ended a ½-day training session, which
provided information on the project and procedures
to ensure consistency in measurements. The following
anthropometric variables were evaluated in all children:
Body mass, height, BMI, waist circumference (WC), waistto-hip ratio (WHR), waist-to-height ratio (WHtR), sum
of two-point skinfolds and percentage of body fat (PBF).
Body mass was measured to the nearest 100 g using a
calibrated balance beam scale and with the subject standing
and wearing only underwear in a private location with
same gendered data collectors. For height, children were
instructed to stand as straight as possible with his/her back
against a wall mounted vertical ruler. Feet were flat on the
floor with shoes removed. BMI was calculated as body mass/
height squared (kg/m2).[15] Waist and hip circumferences
were measured to the nearest mm using a flexible tape.
WC was taken at the end of a normal expiration, with the
measuring tape positioned at the midway between the
lower rib and the iliac crest. The hip circumference was
measured at the level of maximal protrusion of the gluteal
muscles. WHR was calculated as WC (cm) divided by hip
circumference (cm) and WHtR was calculated as WC (cm)
divided by height (cm). Skinfold thickness (triceps and calf)
was measured in triplicate to the nearest mm, on the right
side of the body by Holtain Skinfold Caliper (Holtain Ltd.,
Crymmych, Dyfed, UK). The mean of three measurements
represented the value for each skinfold site. PBF was
calculated using the two-site equation.[16]
Definition of overweight and obesity
The prevalence of overweight and obesity was determined
using the following methodology and analyzed by gender
and age group:
1. CDC curves:[17] overweight was defined by a BMI >85th
percentile but ≤95th percentile, related to gender and age,
whereas obesity was defined by a BMI >95th percentile.
2. IOTF curves:[10] Based on the charts developed by Cole
et al. BMI equal to or greater than the value plo ed on
the gender-related centiles, which crossed a BMI of 25
and 30 kg/m2 at the age of 18, defined overweight and
obesity, respectively.
3. WHO reference charts:[18] Used the devised criteria
developed by the WHO to define overweight and
obesity. All children whose (body masses were >85th
percentiles (body mass or BMI) for age and gender were
considered as overweight and >95th percentiles (weight
or BMI) for age and gender were considered obese.
Measurement of motor- and health-related fitness abilities
All subjects underwent six motor- and health-related
fitness tests. These included sit-and-reach (flexibility),
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modified sit-ups for 60 s (abdominal muscular endurance),
modified pull-ups (upper body strength and endurance), the
4 × 9 m shu le run (agility), the 20 m sprint test (maximum
running speed) and the 20 m multistage shu le run test
(cardiorespiratory fitness).
Statistical analysis
Means and standard deviations or percentages were
calculated for each variable. The Kolmogorov−Smirnov
test was used to test the normality of the distribution
for each variable before subsequent analyses were
performed. The Chi-square test was used to compare
the prevalence of overweight and obesity between the
different criteria. Independent t-tests and one-way
analysis of variances were used to compare variables
between two groups (for instance, boys and girls) and for
more than two groups, respectively. When a significant
diﬀerence was revealed, the Tukey’s post-hoc test was
used to specify where the diﬀerence occurred. Cohen’s
kappa statistic was calculated to determine the level
of agreement between the standard criteria. A κ > 0.80
signified very good agreement, between 0.60 and 0.80
signified a good level of agreement and <0.50 signified
little to moderate agreement. Bivariate correlation
coeﬃcients were calculated to investigate associations
between anthropometric variables and motor- and healthrelated fitness tests. All tests for statistical significance
were two-tailed and performed assuming a type I error
probability of ≤0.05. Data were analyzed using SPSS
so ware package (SPSS for Windows; SPSS Inc., Chicago,
IL, USA; Version 16.00).
Table 1: Anthropometric variables in 5-6 years old
preschool children in the capital of Iran
Subjects
Height (cm)
Body mass (kg)
BMI (kg/m2)
WC (cm)
WHR
WHtR
PBF (%)

Boys (n = 190)
118.76±5.51*
21.06±4.03
14.84±2.05*
53.23±4.79
0.87±0.04
0.44±0.03
22.07±5.65*

Girls (n = 191) Total (n = 381)
117.12±6.14
117.94±5.88
21.72±5.13
21.39±4.62
15.73±2.92
15.29±2.56
53.55±6.42
53.39±5.66
0.86±0.04
0.86±0.04
0.45±0.05
0.45±0.04
24.59±6.20
23.33±6.05

*Significantly different from girls values (P < 0.01). All values are expressed as
mean ± SD; BMI = Body mass index; WC = Waist circumference; WHR = Waist-to-hip
ratio; WHtR = Waist-to-height ratio; PBF = Percentage of body fat; SD = Standard
deviation

RESULTS
Anthropometric data for boys and girls are provided
in Table 1. Boys were slightly taller than girls (P < 0.01).
Irrespective of BMI criteria, girls had a higher prevalence of
overweight and obesity than boys [Table 2]. Based on IOTF
reference, almost 12% (23/190) of boys and 22.5% (43/191)
of girls were either overweight or obese with 4.73% (9/190)
of boys and 10.99% (43/191) of girls in the obese category;
whereas based on the CDC criterion, 5.78% (11/190) of boys
and 12.04% (23/191) of girls were overweight and 7.36%
(14/190) of boys and 9.42% (18/191) of girls were obese.
Moreover, there was a significant gender diﬀerence in the
prevalence of obesity based on the IOTF criteria (χ2 = 7.72;
P = 0.021) that was absent in the other criteria.
In this study, the CDC and the IOTF demonstrated the
highest level of agreement, very well (kappa = 0.896). In
addition, the level of agreements between the IOTF and
the WHO (κ = 0.792) and the WHO and the CDC (κ = 0.808)
were found to be good.
Body mass, WC, BMI, WHtR, and PBF were strongly
correlated to each other in both sexes (boys: r = 0.539−886,
P < 0.001; girls: r = 0.599−898, P < 0.001; data not shown
in Tables), suggesting that measures of obesity based on
these parameters will provide comparable information.
However, WHR showed the weakest correlation with the
other anthropometric measurements in both sexes.
Values of motor- and health-related fitness tests are
presented in Table 3 and Figure 1. Boys were better
performers than girls in modified pull-ups, agility, and
sprint test. In addition, they had higher predicted VO2max
than girls (P < 0.001). Overweight and obese children,
compared to their underweight and normal-weight
counterparts, demonstrated inferior performance in
modified pull-ups and predicted VO2max. Moreover, normalweight girls had be er performance than overweight and
obese counterparts in modified sit-ups and agility shu le
run [Figure 1].
In boys, significant correlations were found between WC,
BMI, WHtR and PBF on the one hand and modified pullups, sprint test, and predicted VO2max on the other hand

Table 2: Prevalence of overweight and obesity in 5-6 years old preschool children in the capital of Iran using the IOTF,
WHO, and CDC BMI criteria
5-6 years old
Boys
Girls
Total

n
190
191
381

IOTF reference
Overweight
Obese
7.36 (14)
4.73 (9)
11.51 (22)
10.99 (21)
9.44 (36)
7.87 (30)

WHO reference
Overweight
Obese
4.73 (9)
10.00 (19)
9.42 (18)
14.13 (27)
7.08 (27)
12.07 (46)

CDC reference
Overweight
Obese
5.78 (11)
7.36 (14)
12.04 (23)
9.42 (18)
8.92 (34)
8.39 (32)

Data are presented in percentage (n). IOTF = International Obesity Task Force; WHO = World Health Organization; CDC = Centers for Disease Control And Prevention; BMI = Body
mass index
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[P ≤ 0.01; Table 4]. There were stronger correlations between
anthropometric measurements and fitness parameters in
girls: BMI, WHtR, and PBF had significant correlations with
modified sit-ups, modified pull-ups and predicted VO2max
[P ≤ 0.01; Table 4].

Alarming trends in childhood obesity even among
preschoolers have drawn a ention to the health of this
age group. [19] Unhealthy diets and physical inactivity
are the main contributors to overweight and obesity,
which are among the leading risk factors for major
noncommunicable diseases.[14] Obesity in childhood o en
continues into adulthood,[20] and causes a wide range
of serious complications such as increases in the risk
of premature illness and death later in life.[3] Evidence
indicates that many Iranian children are at risk for these
complications. For instance, a high prevalence of metabolic
syndrome among Iranian adolescents has been reported
(boys: 10.3%; girls: 9.9%).[21] Because of their public health
importance, the trends in child obesity should be closely
monitored.

preschoolers. Among the BMI reference criteria, the WHO
reference provided higher estimates of obesity [Table 2]
which is consistent with a previous study.[22] The prevalence
of overweight, as defined by the IOTF, was 7.36% and
11.51%, and the prevalence of obesity was 4.73% and 10.99%
in boys and girls, respectively [Table 2]. In general, obesity
was higher among girls; this is mostly the case in developing
countries as well as in developed ones.[1] A survey was
carried out on children aged 4-5 years old in two largely
rural provinces of Iran using the IOTF criteria and reported
a higher prevalence of overweight (boys: 17.6% and girls:
19.0%), but lower prevalence of obesity (boys: 7.1% and
girls: 7.8%) compared with our results for overweight (boys:
7.36% and girls: 11.51%) and obesity (boys: 4.73% and girls:
10.99%).[23] In another study on children aged 6-year-old in
three regions of Iran using CDC criteria, 12.8%, 13.5%, and
10.9% were overweight and 3.4%, 3.5%, and 3.4% were obese
in 2007, 2008 and 2009, respectively.[24] In Northern Quebec,
in children aged 5 years, the prevalence of overweight using
IOTF was 31.6% (28.2% for boys and 35.0% for girls) and the
corresponding prevalence based on CDC was 27.5% (23.8%
for boys and 31.2% for girls)[25] which was much higher than
our results [Table 2].

In the present study, the IOTF and the CDC demonstrated
a very good level of agreement (κ = 0.896) in Iranian

The increased prevalence of obesity internationally is
associated with improved aﬄuence and the intense process

DISCUSSION

Table 3: Values of motor- and health-related fitness tests in 5–6 years old preschool children in the capital of Iran
Subjects
Sit and reach (cm)
Modiﬁed sit-ups (repetitions in 60 s)
Modiﬁed pull-ups (repetitions)
4×9 m agility shuttle run (sec)
20 m sprint test (sec)
Predicted VO2max (ml/kg/min)

Boys (n = 190)
28.14±6.03
19.85±6.59
5.27±3.24*
9.63±1.01*
5.40±0.83*
51.58±2.06*

Girls (n = 191)
28.06±5.70
19.50±7.15
4.01±2.69
10.28±1.12
5.69±0.67
50.72±1.85

Total (n = 381)
28.10±5.86
19.67±6.87
4.64±3.04
9.95±1.11
5.54±0.76
51.15±2.00

*Significantly different from girls values (P < 0.001). All values are expressed as mean ± SD. SD = Standard deviation

Table 4: Correlation coefficients among anthropometric measures and motor- and health-related fitness abilities
in boys and girls
Anthropometric Variables
Boys
Sit and reach (cm)
Modiﬁed sit-ups (repetitions in 60 s)
Modiﬁed pull-ups (repetitions)
4 × 9 m agility shuttle run (sec)
20 m sprint test (sec)
Predicted VO2max (ml/kg/min)
Girls
Sit and reach (cm)
Modiﬁed sit-ups (repetitions in 60 s)
Modiﬁed pull-ups (repetitions)
4 × 9 m agility shuttle run (sec)
20 m sprint test (sec)
Predicted VO2max (ml/kg/min)

Body mass

WC

BMI

WHR

WHtR

PBF

0.006
0.090
−0.167*
0.022
0.134
−0.084

0.057
−0.001
−0.184*
0.162*
0.187**
−0.271***

0.036
−0.005
−0.193**
0.008
0.231***
−0.083

0.073
−0.037
−0.021
0.155*
0.118
−0.160*

0.070
−0.137
−0.187*
0.194**
0.276***
−0.284***

−0.028
−0.006
−0.199**
0.065
0.255***
−0.184*

0.032
−0.224**
−0.267***
0.017
−0.046
−0.019

−0.083
−0.187**
−0.290***
0.100
−0.009
−0.164*

0.065
−0.263***
−0.324***
0.148*
0.042
−0.211**

−0.210**
−0.012
−0.051
0.042
−0.016
0.001

−0.080
−0.297***
−0.319***
0.209**
0.115
−0.350***

−0.014
−0.207**
−0.324***
0.135
0.045
−0.087

*P < 0.05; **P ≤ 0.01; ***P ≤ 0.001. WC = Waist circumference; BMI = Body mass index; WHR = Waist-to-hip ratio; WHtR = waist-to-height ratio; PBF = Percentage of body fat
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of urbanization, o en characterized by less active lifestyles.
Iran is an urbanized city-state country in the Middle East
Region and is considered to be a country in the nutrition
transition. Like most countries that have undergone rapid
economic and demographic transition, noncommunicable
diseases are the major cause of mortality and morbidity
in Iran with a high prevalence reported.[14] However, the
prevalence of obesity in Iranian preschoolers is not as serious
as in some western countries. In a study conducted in six
cities of northeast China, according to the IOTF reference,
10.29% of the 5-year-old children were overweight, and
3.85% were obese. The CDC reference classified 11.22% as
overweight and 8.39% as obese.[22] Indeed, overweight and
obesity rates in our sample are similar to those observed by
Ma et al. A study carried out on children aged 2-5 years old
in urban regions of India using the IOTF criteria reported
a lower prevalence of overweight (boys: 6.8%; girls: 7.0%)
and obesity (boys: 3.9%; girls: 2.4%) compared with our
findings.[20] However, compared to Western countries that
applied the same methods to define overweight and obesity,
the prevalence rates in our study sample are lower.[25,26]
Regular physical activity is necessary for normal growth
and the development of functional qualities such as aerobic
capacity, muscle strength, flexibility and motor skills.[11]
Studies indicated that the positive energy balance causing
overweight was due possibly to low energy expenditure
(i.e., low physical activity levels). [27,28] Regarding the
influence of childhood obesity on fitness profile, the results
of the present study revealed that overweight and obesity
were associated with poorer cardiorespiratory and motor
fitness, especially in girls. More specifically, overweight and
obese children, compared to their underweight and normalweight counterparts, demonstrated inferior performance in
most studied parameters [Figure 1].
In this study, we compared the correlations between six
obesity parameters (body mass, WC, BMI, WHR, WHtR, and
PBF) and selected physical fitness parameters [Table 4]. Of all
physical fitness parameters in this study, when adjustments
were made for weight, there were significant correlations
between the 20 m sprint test, predicted VO2max and most
of the anthropometric indices in boys and there were
significant correlations between modified sit-ups, predicted
VO2max and most of the anthropometric indices in girls;
however, the correlations were more pronounced in girls
(data not shown in Table 4). Our findings are consistent
with studies conducted among schoolchildren, showing
that overweight and obesity was inversely related to
several components of motor- and health-related fitness
parameters.[29,30] Enhanced fitness performance mostly
reflects the level of habitual physical activity. Indeed,
studies in children have indicated that high physical
fitness scores, especially high levels of cardiorespiratory
| April 2015 |

fitness, are associated with increased levels of physical
activity.[27,31] Trost et al. showed overweight 3–5-year-old
boys to be significantly less active than nonoverweight peers
during the preschool day. They suggested that a significant
proportion of overweight children might be at increased
risk for further gains in adiposity because of low levels
of physical activity during the preschool day.[4] Children
become overweight or obese because of the inactivity or vice
versa. Obesity impairs the child’s physical activity successes
in agility, endurance, etc., that is discouraging to most
children and may be embarrassing or a source of ridicule by
others. Consequently, the significant diﬀerences in fitness
performance observed between under/normal-weight and
overweight/obese children could be partially a ributed to
diﬀerences in physical activity levels.[29] It has been shown
that lower aerobic fitness results in greater adiposity gain
in growing prepubertal children. This finding emphasizes
the importance of increasing or maintaining aerobic fitness
as an intervention for preventing the development of
obesity in children. In addition to being protective against
fat gain, aerobic fitness may also reduce the risk for CVD
and diabetes.[32]

CONCLUSION
The study highlighted the relatively high prevalence of
overweight and obesity in both genders of preschoolers as
defined by the IOTF, CDC and WHO criteria and provided
evidence to support the establishment of physical activity
intervention programs to prevent weight problems in
preschoolers, thus potentially reducing obesity-related
disorder like metabolic syndrome. Overweight and obesity
were indicative of poor physical fitness in both genders
though genders were found to have diﬀerent types of
deficits. Regular physical activity is necessary for normal
growth and the development of functional qualities such as
aerobic capacity and motor skills. These findings emphasize
the importance of increasing or maintaining aerobic fitness
as an intervention for preventing the development of obesity
in preschoolers.
Child obesity rates have increased in Iran and poor
cardiovascular fitness of urban children is likely associated
with low physical activity levels in this population. There is
a direct relationship between physical activity and weight
status, as well as between physical fitness and cardiovascular
health among school-age children.[33] Data from many
studies suggested decreases in physical activity among
children over the past decade.[34] Therefore, it is critical to
design eﬀective interventions for increasing physical activity
and improving physical fitness in order to prevent/reduce
obesity among urban children. Boys and girls diﬀer in their
a itudes and beliefs regarding physical activity[35] as well
as their motivation for[36] and barriers to.[37] Thus, classroom
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a

b

c

d

e

f

Figure 1: Differences in motor- and health-related fitness tests among body mass index categories by gender. (a) Sit-and-reach. (b) Modified sit-ups. (c) Modified
pull-ups. (d) Agility shuttle run. (e) Sprint test. (f) Predicted VO2max. Values significantly different at P < 0.05 (*), P < 0.01 (**) and P < 0.001 (***)

teachers and other professionals working with children
should focus on incorporating a variety of fun and creative
activities, in addition to structured and/or organized sports,
339

into classroom activities, physical education classes and a er
school programs.[33] Therefore, providing expanded and
enhanced health curricula regarding nutrition and physical
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activity in kindergartens may help children consider, adopt,
and maintain healthier diets and more physically active
habits throughout their lifetimes.
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